In many taxa, success in parental care requires the coordinated efforts of both parents. Given the evolutionary potential of parental performance, as well as phenotype-related behavioral differences, it is surprising that parental coordination in polymorphic species has attracted only very limited research attention. To redress this gap, I combined multiple approaches to assess parental performance and coordination of parental effort in the color polymorphic and biparental cichlid fish, Amphilophus sagittae, in its natural crater lake habitat. I compared parents of the 2 color morphs, dark and gold, as well as pairs that had mated color assortatively ("same color" pairs) versus disassortatively ("mixed" pairs). The 2 morphs differed in terms of a higher than expected number of single gold morph parents. Interestingly, parental coordination, in terms of the size of the defended territory and the rate of aggressive responses toward natural territory intruders, was lower in mixed than same color pairs. Mixed pairs also had their territories in deeper water. However, no pair type differences in early survival of biparentally defended broods were detected. The findings contribute toward a better understanding of the role of parental coordination in polymorphic species, highlighting the importance of considering parental effort, coordination, and performance in the context of the dynamics of (color) polymorphisms in the wild. Indeed, if the observed behavioral differences will translate into negative fitness effects for mixed pairs, parental performance can also provide a mechanism selecting for color assortative mating and restricting gene flow under mating regimes that are not completely assortative.
INTRODUCTION
Parental care is a central determinant of reproductive success across a wide range of taxa, including mammals (Woodroffe and Vincent 1994) , birds (Cockburn 2006) , fish (Gross and Sargent 1985) , and insects (Wong et al. 2013) . Nevertheless, notable variation in parental care abilities persists at both the species and population levels (Clutton-Brock 1991) . For instance in various bird species, such as the fulmar (Fulmarus glacialis) and Magellanic penguin (Spheniscus magellanicus), variation among pairs in parental abilities has a larger influence on hatchling success than egg size (Ollason and Dunnet 1986; Reid and Boersma 1990) . Interestingly, in biparental species, some of this variation in parental performance seems to be due to behavioral compatibility or coordination between the parents. In other words, the match of behavioral traits of the 2 individuals, rather than the sum of their independent parental qualities, defines how well a pair performs (Choudhury 1995; Spoon et al. 2006) . Indeed, partner compatibility can be driven not only by the genetic (Tregenza and Wedell 2000) or hormonal (Hirschenhauser 2012) make-up of the parents but also by how they interact behaviorally.
For example, breeding experiments in the zebra finch (Taeniopygia guttata) have demonstrated that foster parents that were similarly consistent in their exploration and aggression display behaviors (i.e., both parents consistent or both inconsistent) succeeded in raising offspring that were in better condition than offspring with foster parents unmatched for their consistencies (Schuett et al. 2011) . Similarly, Steller's jay (Cyanocitta stelleri) parents that were alike in their exploratory and risk-taking behaviors enjoyed better fledging success than more dissimilar pairs, especially following a severe winter (Gabriel and Black 2012) . Nevertheless, the evolutionary importance of parental compatibility has received only scant empirical attention compared to the research effort devoted to studies of individual-level parental performance (Spoon et al. 2006) , while (bi)parental performance assessments in general may have resulted in a biased view due to their heavy focus on bird model systems (Houston 2005; Harrison et al. 2009) .
Interestingly, the level of aggressiveness during critical life stages, such as the breeding season, is sometimes linked to body color. For instance, in Pundamilia cichlid fish from Lake Victoria (Africa), males with reddish nuptial coloration dominate those with bluish color in staged contests (Dijkstra et al. 2005) . Similar patterns of color related aggression can also be relevant in biparental species (Barlow 1983a (Barlow , 1983b Ducrest et al. 2008; Pryke 2009; Lehtonen 2014) .
For example in a passerine bird, the white-throated sparrow (Zonotrichia albicollis), "white-striped" males are more aggressive than "tan-striped" males (Kopachena and Falls 1993; Collins and Houtman 1999) . However, parental investment by tan-striped males is higher, with males of this color morph appearing to reach the same overall reproductive success as white-striped males by compensating their lower level of aggression with better parental care (Horton and Holberton 2009) . Similarly, in Gouldian finches (Erythrura gouldiae), aggressive red-headed males considerably reduce, or even abandon, parental investment in high competition environments, decreasing their reproductive success in such social environments (Pryke and Griffith 2009) . In contrast, parental investment by the less aggressive black-headed males is not markedly affected by the competition regime (Pryke and Griffith 2009) . Such crucial trade-offs involving parental performance can be expected to play a role in morph frequencies as well as continued coexistence of the morphs, because, in the long run, individuals of the different morphs should have a similar average fitness for the polymorphism to be stable (Roulin 2004) . It is therefore surprising that parental performance in relation to color morphs has seldom been investigated.
One important aspect of parental care in many taxa is aggressive offspring or breeding territory defence by the parents. Parental compatibility in such behaviors has a significant influence on reproductive success, as shown, for example, in eastern bluebirds (Sialia sialis). In that species, parents that have mated assortatively with regard to behavior, so that they match in their responses in competition for territories with tree swallows (Tachycineta bicolor), fledge heavier offspring . In this respect, less successful individuals, or species, may be forced to occupy suboptimal territories or habitats, if agonistic interactions between, or within, species are particularly costly or asymmetric (Rosenzweig 1991; Bourski and Forstmeier 2000; Jones et al. 2014) .
Such competition for territory space is intense also for cichlid fish of the Midas cichlid species complex (Amphilophus spp.). In particular, breeding grounds of these freshwater fish are typically densely occupied by both conspecific and heterospecific competitors and would-be predators of offspring (McKaye 1977; Lehtonen et al. 2012; . Success in aggressive territorial competition and defence of offspring, towards both intra-and interspecific opponents, is a central driver of the parents' reproductive success (Barlow 1983a; McKaye 1977 McKaye , 1986 Rogers 1987 Rogers , 1988 , with a combined and coordinated (aggressive) effort of the male and female having an important role (McKaye 1977; Barlow 1983a; Rogers 1987 Rogers , 1988 . Hence, in these species, there is usually no trade-off between aggression and parental care, except if overt aggression interferes with pair compatibility (Barlow and Ballin 1976; Barlow 1983a) . Under the conditions of intense competition and predation on young, Amphilophus and other crater lake cichlids typically have a very low reproductive success, even when the brood is defended by 2 capable (and matching) parents (McKaye 1977; Barlow 1992; Vivas and McKaye 2001; Lehtonen 2008; McKaye et al. 2010) . Any additional disadvantage due to overall poor parental performance, lack of behavioral coordination between the parents (Barlow and Ballin 1976; Barlow 1983a) , mate desertion (i.e., a parent abandoning care before the offspring has reached independence: Lehtonen, Wong, Svensson, et al. 2011) , or acquisition of a suboptimal breeding territory (Vivas and McKaye 2001) , is expected to further decrease survival prospects for the offspring and hence the parents' chances of reproductive success.
The Midas cichlid species complex has also been an important system for studies of color polymorphism and speciation processes (e.g., Kusche et al. 2015) . A majority of the known populations of these fish have individuals with 2 contrasting colors: "dark" individuals are grayish when not breeding and almost black during breeding season, whereas individuals of the "gold" morph are typically yellowish or orange in color (Figure 1) , independent of their breeding status. When both color morphs are present, the frequency of the brightly-colored gold morph is typically slightly less than 10% of the adult individuals in the population (Barlow 1983a; Elmer et al. 2010 ). Adult coloration is determined by one gene, or a small group of very tightly linked genes, with the "gold" coloration being dominant (Henning et al. 2010) . Furthermore, morphological differences between the 2 color morphs have recently been discovered (Kusche et al. 2015) , pair formation between the morphs tends to be positively assortative (Elmer et al. 2009 ) and, at least in some cases, the color morphs have started to show signs of further genetic divergence (Elmer et al. 2009; Kusche et al. 2015) . The relevance of color polymorphism in the context of parental coordination has also been hypothesized (Barlow et al. 1977; Barlow 1983a ) but, to date, not tested. Interestingly, under laboratory conditions, gold individuals of Amphilophus citrinellus are socially dominant (Barlow and Ballin 1976; Barlow 1983a Barlow , 1983b and in the wild, Amphilophus sagittae territory holders bias their aggression toward intruders of their own color (Lehtonen 2014 ). Because such reproductionrelated aggression has a large role in defining the reproductive success of Amphilophus cichlids (McKaye 1977; Barlow 1983a; Rogers 1987 Rogers , 1988 Vivas and McKaye 2001) , the color-driven aggression bias should generate a frequency-dependent selection pressure that benefits the morph with a lower frequency (Seehausen and Schluter 2004; van Doorn et al. 2004; Dijkstra et al. 2007 ). Such a selection regime is notable because it can help explaining persistence of sympatric morphs within populations (Losey et al. 1997; Sinervo et al. 2000; Roulin 2004; Olendorf et al. 2006) . However, in the absence of other selection pressures affecting morph frequencies, this mechanism should give raise to roughly equal morph frequencies, whereas the gold morph is almost always much less numerous Figure 1 Amphilophus sagittae territory-holding pair (gold morph) (Barlow 1983a; Elmer et al. 2010) , being completely absent from some populations (Kusche et al. 2015) and dominating only in certain introduced populations outside the species' natural range , Sowersby et al. 2017 . Mechanisms that could explain the consistently low frequency of the gold morph within its natural range include color linked immunocompetence (as in Xiphophorus swordtail fish; Fernandez and Morris 2008), heterospecific aggression ) and a higher rate of predation upon the gold than dark morph. With regard to the latter hypothesis, Kusche and Meyer (2014) recently found that jaguar cichlids (Parachromis managuensis)-potential predators of young Amphilophus individuals-preferably attack orange rather than gray goldfish (Carassius auratus auratus) that were found to be similar in color to the Amphilophus gold and dark morph, respectively. Furthermore, individuals of the gold morph may have a reduced capability to avoid detection because of a lower ability to match their background (Dickman et al. 1990; Sowersby et al. 2015) . However, the hypothesis of a higher predation rate on the gold morph has not been supported by more direct empirical evidence (Annett 1989; Torres-Dowdall et al. 2014 ) and is therefore not likely to give a complete explanation for the low frequency of gold morph individuals.
In this field-based study, I measured several aspects of performance of A. sagittae parents to test whether parental performance, or coordination of parental effort, could help answer the following unresolved key questions regarding the dynamics of morph frequencies in color polymorphic species, such as Amphilophus cichlids: 1) why do different morphs commonly have unbalanced frequencies, 2) why do different morphs commonly mate assortatively, in other words, individuals prefer mates of their own morph (Roulin 2004) , and 3) how are genetic differences between morphs maintained when assortative mating is only partial and hence "mixed" pairs are not overly rare? (As seen for example in the Midas cichlid species A. xiloaensis: Elmer et al. 2009 ). Using the color polymorphic A. sagittae in Lake Xiloá (Figure 1) as the model system, I hypothesize that mixed morph pairs have a poorer behavioral coordination and that this suboptimal parental match results in a lower parental performance. Such a pattern would contribute towards our understanding of questions 2) and 3). Moreover, if gold morph pairs are, on average, inferior parents compared to dark morph parents, this would provide at least a partial answer to question 1).
MATERIALS AND METHODS
This field-based study was conducted using SCUBA in Crater Lake Xiloá, Nicaragua (latitude 12° 12.8′ N; longitude 86° 19.0′ W), during the breeding season of the focal species, A. sagittae, in December 2010 to January 2011. The study included multiple field experiments and assays, as detailed below, to investigate parental behavior, pair coordination in parental effort, and brood success in relation to the 2 color morphs, dark and gold. In particular, I assessed whether there were any performance differences between the 2 morphs, or pairs in which the parents were of the same ("same color" pairs) versus different ("mixed" pairs) color.
Pairtype, size, and depth distributions
To test the hypothesis that color may affect the success of A. sagittae parents in territory defence, I first conducted a field survey, in which I counted the different pair types (dark × dark, gold × gold, mixed) and single (presumably deserted) parents (see Lehtonen, Wong, Lindström, et al. 2011; Lehtonen, Wong, Svensson, et al. 2011) , and assessed each territory and territory holder, with the survey methods slightly modified from those of Elmer et al. (2009) . In particular, I swam along depth contours at water depth intervals of 2 m (at depths 4-14 m, using preplaced reference points) and recorded all A. sagittae territory-holders of both color morphs within 1.5 m of each depth contour. Due to the relative large size (~20 cm, see Lehtonen, Wong, Lindström, et al. 2011 ) and active lifestyle of territory-holding A. sagittae, the probability of not noticing a breeding individual within the distance of 1.5 m, independent of its color, should be considered very low. Furthermore, the slope of the lake bottom profile was gentle enough for the along-slope distance between the assessed depth contours always being more than 3 m. The counts were continued over most of the breeding season and the same spot was never surveyed repeatedly. However, if a pair (or an individual) initiated a new breeding cycle in a different location, it is theoretically possible that it got counted more than once. I also assessed whether the number of dark and gold single A. sagittae parents matched with the numbers of paired gold and dark individuals counted during the survey. A significantly lower, or higher, number of single parents compared to the expected would be indicative of either a bias in parental mortality or, more likely, in mate desertion (Lehtonen, Wong, Lindström, et al. 2011; Lehtonen, Wong, Svensson, et al. 2011) . A parent was defined as a single territory-holder if no partner was sighted within 1 min (as per Lehtonen, Wong, Lindström, et al. 2011; Lehtonen, Wong, Svensson, et al. 2011 ). This method overestimates the number of single parents by 10% or less (Lehtonen, Wong, Lindström, et al. 2011 ). The water depth at each territory was assessed with a dive computer (Suunto "Gekko"). The depth data was then used to assess, following Elmer et al. (2009) , whether pair types were able to maintain territories at similar depths, as opposed to depths at breeding territories differing, presumably, as a consequence of variation in the effectiveness of territory defence (Barlow 1983a (Barlow , 1983b (Barlow , 1992 Elmer et al. 2009 ). I note that differences (if any) between dark × dark and gold × gold pairs in the depth at territory might also be explained by dissimilar depth preferences of dark and gold individuals even under noncompetitive circumstances. Finally, I estimated the total length of each territory holder (with 0.5 cm steps), as body sizes of the parents are likely to have a significant impact on the success in territory defence, or even overall parental success, with larger individuals generally performing better in a range of taxa (Briffa and Sneddon 2007; Odreitz and Sefc 2015) , including crater lake cichlids (McKaye 1986) . I expected that if any morph or pair type is disadvantaged in territory defence for reasons linked to their coloration, these individuals would need to attain a larger body size before being able to successfully hold a territory and initiate a breeding cycle. The total length estimates were frequently (usually daily) calibrated by comparing live A. sagittae individuals to fish shaped models of known length. Such size estimations have a good absolute accuracy (being within 1.5 cm, or 7%, of verified lengths; Lehtonen, Wong, Lindström, et al. 2011; Lehtonen et al. 2012 ) and a high repeatability (Lehtonen, unpublished data) . In total, I counted 319 biparentally defended territories and 14 single parent territories.
Following Elmer et al. (2009) , the observed distributions of gold × gold, dark × dark, and mixed pairs were used to assess sexual isolation between the dark and gold morph using the metrics I psi, Levine YA and Yule V, as per Rolán-Alvarez and Caballero (2000) and Carvajal-Rodriguez and Rolan-Alvarez (2006) . The distributions of single dark versus gold individuals were compared with the frequencies of the 2 color morphs over all biparentally defended territories using Fisher's Exact test for count data. Parent body sizes and the depth at territory were compared between the different pair categories (dark × dark vs. gold × gold and same color vs. mixed) using Wilcoxon rank sum test with continuity correction. I used R software (R Development Core Team) versions 3.2.2 and 3.2.3 for the statistical analyses presented in this paper, except where otherwise noted.
Brood and territory defence: natural encounters
In order to assess differences in brood defence performance between the different pair categories (dark × dark vs. gold × gold and same color vs. mixed), I recorded the number of aggressive responses (toward both conspecific and heterospecific intruders) and estimated reaction distances for each response. Here, aggressive responses included both attacks and bursts of display and hence gave the total aggression rate (sensu Lehtonen et al. 2012; Lehtonen, Sowersby, Gagnon, et al. 2015) . This was done in the natural habitat of the fish at depths of 6-14 m using SCUBA. The reaction distances were considered as a proxy of the size of the territory defended by each parent. After locating a biparentally defended gold × gold or mixed pair breeding territory (see below for dark × dark pairs), I approached to a distance of approximately 2 m from the territory. I then recorded the date, water depth, and estimated total lengths of the territory holders (as above). These notes were made during a habituation period of ~2 min, while I laid otherwise immobile on the substratum of the lake. I then recorded the aggressive responses of the male and female for 10 min. For each aggressive response, I also recorded an estimation of the distance between the centre of the defended brood and the territorial intruder at the time of the response. In cases the territory holder followed the intruder, I estimated the distance at the end of the chase (Lehtonen et al. 2012) . After the replicate was finished, the territory was marked with a numbered piece of ceramic tile to prevent assessing each territory more than once. Because dark × dark territories were much more numerous than those of other pair types, the territories of this type were chosen haphazardly in proximity but outside of a direct visual range, of an investigated gold × gold or mixed pair territory to control for spatial differences. In total, n = 26, dark × dark, n = 17 gold × gold and n = 31 mixed pair territories were investigated. All the sampled territories were within a habitat that was characterized by pebbles lying on a finer substratum of sand (mixed with organic material) and had swimming juveniles.
To assess whether the pair types (dark vs. gold pairs and same color vs. mixed pairs) differed in the counts of aggressive responses, I used 2-sample t-tests, with the data having a satisfactory fit with the assumptions of parametric testing. To analyze differences in reaction distances, I applied 2 linear mixed models ("nlme" package in R 3.2.3), one for comparing dark × dark versus gold × gold pairs and another one for same color versus mixed pairs. In both models, pair type was assigned as the fixed effect and pair ID as the random effect, in order to account for the fact that all pairs exhibited multiple aggressive responses (with each response having a separate distance estimate). The distance estimates were square root transformed for the analysis for a better fit with parametric testing.
Brood and territory defence: manipulated encounters I assessed territorial aggression by the different pair types also toward manipulated stimuli, which allowed me to control for the size and behavior of the stimulus, as well as distance from the territory at the time of response. For this purpose, I reanalyzed the data of Lehtonen (2014) . In particular, in that study, I presented A. sagittae territory holders with artificial look-a-likes of dark and gold morph Amphilophus individuals with the total length of either 16, 20 or 24 cm. In Lehtonen (2014) , color-biases in aggression were analyzed at the individual level, whereas here I assessed behavioral differences (if any) between the different territory-holding pair categories (i.e., dark × dark vs. gold × gold and same color vs. mixed pairs). To briefly recount the methods (Lehtonen 2014 ), each intruder model (i.e., "dummy") was constructed by gluing waterproof, photographic color prints of a lateral side of Amphilophus individuals (of unknown sex) onto both sides of an elliptical, floating plate with thickness of 6 mm. Such stimuli have been successful in uncovering patterns of aggression in Amphilophus cichlids (Lehtonen 2014; Lehtonen, Sowersby, Gagnon, et al. 2015) and are more realistic than the stylized models that have been used in many other studies on cichlids and other fish (Cravchik and Pazo 1990; Barlow and Siri 1994; Rowland 1999; Ochi and Awata 2009) . I simulated territorial intrusions by placing such model at a distance approximately 50 cm from the centre of the focal A. sagittae territory. After a habituation period of 1 min, during which I laid on the lake bottom making notes, I counted the total number of aggressive responses toward the model by both territory owners (male and female) for 5 min. The total count of the aggressive responses was used for the analysis (see below). This experiment involved 84 biparentally defended A. sagittae territories: dark × dark (n = 30), gold × gold (n = 21), and mixed (n = 33). These territories were located, on average, at a depth of ~10 m and because I targeted dark×dark territories located within the same depth zone where the other pair types were found, there were no significant depth differences between the 3 types of territories (Lehtonen 2014) . I had 30 unique intruder models (5 replicates of each of the 6 color morph×size combinations), each of which was used once per pair type, except for 3 haphazardly chosen models that were used for 2 different mixed pairs. None of the territories was subject to more than one dummy presentation, and sampling of territories located very close to each other was avoided. As above, all of the sampled territories were within the same habitat type and only territories containing swimming juveniles were assessed.
To analyze whether the pair types differed in counts of aggressive responses towards model intruders, I ran 2 generalized mixed models, both with a negative binomial error distribution, as appropriate for the type of count data (Zuur et al. 2013 ). My main interest was the pair type (dark × dark vs. gold × gold in one model and same color vs. mixed in the other). Model size and model color were included as covariates. To account for some of the model intruders having to be used more than once, model ID was added as a random effect.
Behavioral coordination in territory defence
To assess whether the pair types differed in terms of coordination of their territory and brood defense, I used the data of the second experiment (Brood and territory defense: natural encounters) to calculate correlations between male and female parental participation in terms of their reaction distances towards intruders (proxy of the size of the territory defended) and rates of aggression. Here, I hypothesize that for efficient territory defense, it would be beneficial for parents to be defending an area of the same size (see Lehtonen et al. 2012) . In terms of rates of aggression, I expected that a positive correlation between the male and female may indicate either their similar level of participation in territory defense or be the result of the sexes reacting relatively independently to the intruder pressure at the time of the assay. In this respect, a significantly lower level of correlation between male and female aggression rates would then suggest a more different, or complementary, participation, for example due to one sex compensating its level of aggression with respect to the actions of its mate (see Harrison et al. 2009 ).
I calculated correlations between the parents in rates of aggressive responses and reaction distances. An average reaction distance per individual was used for calculating the correlation coefficient between male and female reaction distances. The strengths of the correlations were then compared between the pair types (dark vs. gold pairs and same color vs. mixed pairs), using 2-tailed testing in "cocor" statistical package (1.1-2), available online at: http:// comparingcorrelations.org.
Brood survival
Finally, I assessed survival of broods of the different pair types. For this purpose, I surveyed the breeding grounds of A. sagittae once or twice a day on 5-7 days each week during the 1.5-month study period. To start a replicate, I searched for any gold × gold (n = 5) or mixed pair (n = 14) territories that either did not yet have swimming juveniles or had juveniles that had started to swim within the past 2 days. I then marked such a focal territory by attaching a small, numbered plastic flag close to the territory, which was attached to a thin metal pole. Dark × dark territories included in the study (n = 14) were selected from the area close to, but outside the direct visual range of, the territories that were included of the 2 other pair types. Such selectivity was deemed possible because dark × dark pairs are much more numerous than pairs of the other 2 types. The date when the juveniles started to swim was defined as the starting date of the replicate. During my surveys of the breeding grounds, I checked the survival of the brood for the next 28 days. This time period was chosen because it was shorter than-but close to-the time it takes for the juveniles to become independent of their parents and it therefore gave a good estimate of the survival of the brood until independence. However, the regular surveys in the area were continued even after the 28-day period, to account for the unlikely situation that a brood judged to have disappeared close to the 28-day mark could have just moved outside of the vicinity of their territory.
Brood survival was analyzed at the level of a brood having any surviving individuals versus the whole brood having been destroyed, presumably as a consequence of catastrophic predator attacks or a territory take-over (Mckaye 1977; personal observations) . The analysis was run using "survival" package and Cox proportional hazard estimation.
RESULTS

Pairtype, size, and depth distributions
During the field survey, I encountered 270 dark × dark, 16 gold × gold, and 33 mixed pairs (i.e., 573 dark and 65 gold individuals). This implies significant sexual isolation between the 2 color morphs (pair sexual isolation: I psi = 0.86; Levine YA = 0.79; Yule V = 0.64; for all: t ≥ 7.73, df = 318, P < 0.001). I also encountered 9 dark and 5 gold single parents. This ratio was significantly different from the color morph ratio of paired individuals (573 dark vs. 65 gold), with the occurrence of gold-colored single parents being unexpectedly high (Fisher's Exact test for count data, P = 0.011).
Males in dark × dark (mean ± SE: 21.4 ± 0.1 cm, n = 270) and gold × gold (21.7 ± 0.3 cm, n = 16) pairs did not significantly differ in total length (Wilcoxon rank sum test with continuity correction, W = 1715.5, P = 0.16). Within these pairs, dark females (18.5 ± 0.1 cm, n = 269) had a nonsignificant tendency to be smaller than gold females (19.2 ± 0.3 cm, n = 16) (W = 1555.5, P = 0.061). The average water depth at breeding territories occupied by dark × dark (9.0 ± 0.2 m) and gold × gold (9.9 ± 0.4 m) pairs did not significantly differ (Wilcoxon rank sum test with continuity correction, W = 1646, P = 0.11).
Males in same color pairs (21.4 ± 0.1 cm, n = 286) were slightly but significantly, smaller than males in mixed pairs (21.8 ± 0.2 cm, n = 33) (Wilcoxon rank sum test with continuity correction, W = 5788, P = 0.033). Female sizes, in turn, did not significantly differ between the 2 pair types (mixed: 18.7 ± 0.3 cm, n = 33; same color: 18.5 ± 0.1 cm, n = 285; W = 5094.5, P = 0.43). Mixed pairs (10.1 ± 0.4 m) had their breeding territories in deeper water than same color pairs (9.1 ± 0.1 m) (W = 5788, P = 0.033).
Brood and territory defence: natural encounters
Dark × dark and gold × gold pairs did not significantly differ in their total rates of aggression (dark × dark: 14 ± 1 aggressive responses/10 min, n = 26; gold × gold: 16 ± 1 responses/10 min; 2 sample t-test, t = 0.884, df = 34.0, P = 0.38) or in the overall reaction distances to intruders (dark × dark: 0.87 ± 0.03 m, n = 26; gold × gold: 0.83 ± 0.03 m, n = 17; linear mixed model, t = 1.012, df = 41, P = 0.32).
Similarly, same color and mixed pairs did not differ either in total rates of aggression (same color: 15 ± 1 responses/10 min, n = 43; mixed: 15 ± 1 responses/10 min, n = 31; 2 sample t-test, t = 0.555, df = 55.3, P = 0.58) or reaction distances (same color: 0.86 ± 0.02 m, n = 43; mixed: 0.86 ± 0.03 m, n = 31; linear mixed model, t = 0.0165, df = 72, P = 0.99).
Brood and territory defence: manipulated encounters
Dark × dark (32 ± 4 aggressive responses/5 min, n = 30) and gold × gold (30 ± 5 aggressive responses/5 min, n = 21) pairs did not significantly differ in total rates of aggression toward dummy intruders (generalized mixed model, z = 1.05, P = 0.30). Regarding the covariates included in the mixed models, intruder dummy size had a significant effect (more aggression towards larger intruder dummies: z = 2.50, P = 0.012), whereas dummy color did not (z = 0.91, P = 0.36).
Similarly, same color and mixed pairs did not differ in their total rates of aggressive responses toward intruders (same color: 31 ± 3 responses/5 min, n = 51; mixed: 25 ± 3 responses/5 min, n = 33; generalized mixed model, z = 0.64, P = 0.52), with the abovereported covariate effects also remaining the same (more aggression toward large dummies: z = 2.60, P = 0.009; no overall effect of dummy color: z = 1.19, P = 0.24).
Behavioral coordination in territory defence
There was no significant difference between dark × dark and gold × gold pairs in parental match regarding total rates of aggressive responses (Pearson's correlation between the sexes in dark pairs: r = −0.030, df = 24, P = 0.88; Pearson's correlation between the sexes in gold pairs: r = −0.275, df = 15, P = 0.28; comparison between the 2 correlations: z = −0.922, P = 0.36) or reaction distances toward intruders (dark pairs, r = 0.653, df = 23, P < 0.001; gold pairs, r = 0.625, df = 13, P = 0.013; comparison between the 2 correlations: z = 0.132, P = 0.90).
Males and females in same color pairs had a significantly lower correlation in their total rates of aggression than males and females in mixed pairs (same color: r = −0.153, df = 41, P = 0.33; mixed: r = 0.350, df = 29, P = 0.054; comparison between the 2 correlation coefficients: z = 2.11, P = 0.035; Figure 2a ). In addition, the parents in same color pairs had a significantly higher match in their reaction distances as compared to mixed pairs (same color: r = 0.653, df = 38, P < 0.001; mixed: r = 0.254, df = 28, P = 0.18; comparison between the 2 correlations: z = 2.06, P = 0.040; Figure 2b ).
Brood survival
There was no significant difference in survival of dark × dark (n = 14) versus gold × gold (n = 5) pairs (Cox proportional hazard estimation, z = 0.325, P = 0.75; Figure 3a) . Similarly, there was no difference in survival of broods of same color (n = 19) versus mixed (n = 14) pairs (Cox proportional hazard estimation, z = 0.422, P = 0.67; Figure 3b ).
DISCUSSION
This study had 2 main aims. The first one was to compare the parental behavior and parental performance between the 2 color morphs by focusing on breeding pairs in which both individuals were either of the dark or gold morph. Such a comparison is particularly important because natural, color polymorphic populations of Amphilophus cichlids have a curiously low frequency of the gold morph, given the morph's dominant genetic inheritance (Henning et al. 2010) , advantages in intraspecific social interactions (Barlow 1983a (Barlow , 1983b , lack of any demonstrated disadvantage in terms of predation (Annett 1989 ; Torres-Dowdall et al. 2014), and frequency-dependent advantage of the rarer of the 2 morphs (Lehtonen 2014) . I hypothesized that one mechanism that could potentially help explaining the unexpectedly low frequency of the gold morph and more generally unexpected morph frequencies also in other wild populations is lower parental performance. I found a limited support for this hypothesis: there was a higher than expected number of single, apparently deserted, gold morph parents. Because single parents are expected to have much reduced offspring survival in these cichlids (McKaye 1977; Barlow 1983a , Rogers 1987 , 1988 Lehtonen, Wong, Svensson, et al. 2011) , this result could provide an explanation to the lower than expected frequency of the gold morph. Whether the gold morph single parents had originally had a mate of the gold or dark morph is not known. However, no further evidence for differences in parental behavior or performance between dark × dark and gold × gold pairs was found. Hence, parental care is likely to give, at best, only a partial explanation for the relative rarity of the gold morph. Besides the patterns of parental care observed in my study, other factors that can contribute to the observed morph frequencies may include color morph biases in predation or immunocompetence (if any), recently discovered ecological differences between the color morphs (Kusche et al. 2015) , and disadvantages of the gold-colored individuals in heterospecific aggressive interactions .
The second main aim of this study was to assess differences in parental behavior, coordination and performance between mixed (i.e., one dark and one gold individual) versus same color (dark × dark or gold × gold) pairs. In particular, if mixed pairs have a lower parental performance, for instance due to behavioral incompatibility (suggested by Barlow et al. 1977; Barlow 1983a) , such a disadvantage could provide one explanation for why mating has been selected to be color assortative, with same color pairs being much more frequent than expected by chance, as shown both here and earlier (McKaye 1980; Barlow 1983a; Elmer et al. 2009 ). In addition, if the offspring from mixed pairs have a lower success due to the hypothesized parental incompatibility, it would also be easier to explain how genetic differences have accumulated between color morphs despite individuals of different morphs sometimes pairing up (as seen for instance in A. xiloaensis : Elmer et al. 2009 ). In this respect, I indentified 4 significant differences between same color and mixed pairs, with at least some of these differences suggesting a disadvantage to mixed pairs, as detailed below.
First, I found, as also indentified earlier by Elmer et al. (2009) , that mixed pairs have their breeding territories, on average, in deeper water than same color pairs. This has been postulated to be a consequence of mixed pairs being forced to breed in territories that are potentially suboptimal (Elmer et al. 2009) . Indeed, at least under aquarium conditions, subdominant Amphilophus individuals are better tolerated by more dominant individuals after the former have retreated outside of the depth range occupied by the latter (Barlow 1983b) . With generally a low reproductive success due to intense predation on offspring and competition for breeding territories (McKaye and Barlow 1976; McKaye 1977; Barlow1992; Vivas and McKaye 2001) , additional disadvantage due to suboptimal habitat location would make chances of successful reproduction even lower and hence restrict the contribution of those parents (i.e., mixed) to the gene pool. However, there is currently no direct evidence for the assumption that the different water depths at territories of same color versus mixed pairs have significant consequences for their reproductive success.
Second, males in mixed pairs were very slightly (0.4 cm), but significantly, larger than males in same color pairs. The larger male size per se should not disadvantage the mixed pairs, as large parent size has been suggested to provide an advantage in the intense heterospecific and intraspecific competition for breeding territories in Lake Xiloá (McKaye 1977 (McKaye , 1986 . However, the larger size of males in mixed pairs may indicate that, in such pairs, males need to be particularly large for having success in securing a territory. In other words, male size may be compensating for otherwise lower levels of parental performance in territory (and offspring) defence in mixed pairs. If this is the case, slightly smaller males, in turn, would be at a particular disadvantage in mixed pairs.
Third, the hypothesis of a difference in the coordination of parental behaviors was supported by the significantly lower match between the male and female reaction distances in mixed than same color pairs. The effectiveness of predation attempts is likely to correlate with the shortest distance the predators are able to approach before being aggressively expelled from the vicinity of the territory (Lehtonen et al. 2012) . The observed pattern could follow from a lack of behavioral compensation in mixed pairs, with the sexes not adjusting their behaviors to those of their mates. Such a lack of behavioral coordination could arise, for instance, from communication difficulties between individuals with different colors. In particular, in mixed pairs, the parents may be disadvantaged because of differences in their aggressive displays, communication using color changes, or ability to match their background (Barlow et al. 1977; Barlow 1983a; Dickman et al. 1990; Sowersby et al. 2015) . These color-dependent differences, in turn, may result in the 2 color morphs having different strategies in terms of their signalling, camouflage, and parental behaviors.
The fourth difference between same color and mixed pairs was that the latter had a significantly more positive match in the rate of territorial reactions. I suggest that this pattern indicates that the sexes in mixed pairs reacted relatively independent of each other to the present intruder pressure at their territory, resulting in a positive correlation. According to this view, females and males in same color pairs, in turn, more efficiently compensate their level of aggression depending on that of their mate, resulting in a lower level of within pair correlation (see Harrison et al. 2009 ). However, I cannot rule out the opposite hypothesis that a similar reaction rate by the 2 parents sharing the same environment (i.e., intruder pressure) indicated a behavioral similarity that has in some other contexts been shown to be beneficial (see e.g., Ariyomo and Watts 2013; Rangassamy et al. 2015) .
Despite the above-detailed potential disadvantages faced by mixed pairs, I did not find a significant difference in brood survival between same color and mixed pairs. Why might this have been the case? Although the size of the sample I was able to collect within a single breeding season (n = 19 same color and n = 14 mixed pairs) may not have been large enough to detect more moderate survival differences (if they exist), there are also multiple biologically relevant explanations for the result. The first to consider is that the observed differences between same color and mixed pairs simply do not result in differences in survival of young broods of the 2 pair types. However, even in that case, it remains possible that there are differences in the fitness of the offspring that only manifest later in life, in other words, after the offspring has reached independence from their parents.
It is also possible that survival differences do at least occasionally exist but were not detected. First, when considered in light of previous published work, the current results suggest that between-year differences in the overall survival of cichlid offspring can be extensive, with the survival rate of approximately 70% in the current study versus less than 10 to 40% in earlier ones conducted in the same lake (McKaye and Barlow 1976; Vivas and McKaye 2001; Lehtonen 2008; McKaye et al. 2010) . Hence, in breeding seasons with particularly high brood survival, as the one during which this study was conducted, any differences in parental performance may be less likely to have significant survival effects. For example in Steller's jay, parental match is more important to fledging success following a severe (vs. a mild) winter (Gabriel and Black 2012) . Second, differences in the numbers of juveniles per brood surviving until independence might have remained undetected because the assessment was done conservatively at the level of surviving broods (see e.g., Lehtonen 2008 ). Third, it is possible that some individuals of the gold morph started reproducing before having undergone the phenotypic shift from dark to gold (as described in Dickman et al. 1988) . In particular, all individuals start their life as "dark" fish and the timing of the gold morph individuals losing their melanophores is highly variable, with a minority of genetically gold individuals undergoing this shift only after reaching maturity (Barlow 1983a; Kusche et al. 2015) . The resulting potential for pair type assignment errors may have introduced noise in the data-sets, reducing the probability of detecting differences between the genotypes. It is important to note, however, that behavioral differences between the morphs (when present) may be phenotypic rather than genotype dependent. Mostly phenotype-driven behavioral patterns would also help explain why selection has not acted more strongly against formation of mixed pairs. Finally, I measured survival of broods only when I was aware of the phenotype of both parents, in other words, included only broods that were defended by 2 parents. Hence, it remained possible that mixed pairs break up more easily, with broods of single parents likely having considerably lower success than biparentally defended broods (McKaye 1977 (McKaye , 1986 Rogers 1987 Rogers , 1988 Lehtonen, Wong, Svensson, et al. 2011) .
To conclude, I found a better parental compatibility when mates were of the same morph, as compared mixed, pairs. This difference should select for (but may also have originated from) color assortative mating, which was indeed detected in A. sagittae and has also been observed in many other color polymorphic species. Such a pattern of parental compatibility can also provide a mechanism of further restricting gene flow between color morphs with incomplete assortative mating. In the current study, however, no differences were detected between the different, naturally occurring parental combinations in early survival of biparentally defended young. Furthermore, I found limited support for a parental care difference at the level of the 2 color morphs: the breeding grounds had a higher than expected relative number of single, apparently deserted, gold morph parents. It is not currently known whether these gold morph individuals, before becoming single, had a mate of the dark (i.e., forming a mixed pair) or gold (forming a same color pair) morph. Nevertheless, because single parents should have a much reduced success in rearing their offspring in these fish, this result could provide a partial explanation to the lower than expected frequency of the gold morph, and more generally, unexpected morph frequencies in other populations in the wild. Hence, the study contributes towards understanding the dynamics of (color) polymorphisms in the wild, highlighting the importance of considering parental effort and coordination in the context of mating patterns and barriers to gene flow, which, in turn, have an important role in morph coexistence and divergence potential. 
